SUPPLEMENTARY MATERIALS AND METHODS

Sequences of 20-mer oligonucleotides used in FRET experiments
3 mismatches distributed internally (3i) 5´ GCC GGA TAC GCA CTC TTC CG 3´ 5´ CGG AAG AGT GCG TAT CCG GC 3´ comp3i 3 mismatches at 5´ 5´ TGC GGA TAT GCA CTT TTC CG 3´ tr 5´ 3 mismatches at 3´ 5´ GCT GGA TAT GCA CTT TTA TC 3´ tr 3´ 3 mismatches in the middle 5´ GCT GGA TAT CTT CTT TTC CG 3´ tr m 3 mismatches close to 5´ 5´ GCT GTC GAT GCA CTT TTC CG 3´ tr c5´ 3 mismatches close to 3´ 5´ GCT GGA TAT GCA CAA CTC CG 3´ tr c3´ 1 mismatch plus 2 in the middle 5´ GCT TGA TAC CCA CTT TTC CG 3´ 1+2 2 mismatches in the middle plus 1 5´ GCT GGA TAC CCA CAT TTC CG 3´ 2+1 2 mismatches in the middle 5´ GCT GGA TAT CGA CTT TTC CG 3´ d m 
Molecular Dynamics Protocol
We performed our molecular dynamics simulations using the NAMD 2.9 package (1) with the CHARMM 27 force field (version 31) (2, 3) . The complex was fully solvated using TIP3P water model and was subject to periodic boundary condition. Physiological concentration of Na + and Cl − ions of 0.15 mol/L were added to each simulation to maintain electroneutrality. The resulting dimension and total number of atoms of the system were, respectively, 96 Å x 112 Å x 162 Å and 179,797 for the biggest simulated system. We used 2-fs time step, and the hydrogen atom bond length was constrained using the SHAKE method. We utilized particle-mesh Ewald method for long-range electrostatics calculations, and van der Waals interactions were smoothly switched off at 10-12 Å by a force-switching function. Langevin dynamics scheme was applied to each simulation to maintain the temperature. Nosé-Hoover-Langevin piston was used for pressure control. We simulated three different systems. One structure is a model of the RecA/ssDNA/dsDNA complex resulting from the work described in Yang, D., Boyer, B., Prévost, C. & Prentiss, M., Using simulations to determine properties of transition states governing initial rapid RecA mediated homology recognition, unpublished. The other two structures correspond to the crystal structure of RecA-bound dsDNA (PDB code 3CMX (4) featuring a double-stranded DNA of sequence (dT) 13 .(dA) 11 bound to the site I of a pentameric
RecA filament and the same system where the adenines of the complementary strand have been replaced by guanines (mismatched DNA). In preparation for the production simulations, each system was first energy-minimized using 5,000 conjugate gradient energy minimization steps followed by slow heating from 30 K to 300 K over 500 ps. During the energy minimization and heating processes, the -carbon and phosphate atoms of the protein and nucleotide, respectively, were restrained using a soft harmonic potential with a spring constant of 0.5 kcal.mol -1 .A -2 . The system was further allowed to equilibrate for 5 ns in the NPT ensemble with pressure of 1 bar and temperature of 300 K. During the equilibration process only the -carbon atoms of the terminal RecA monomer and phosphate atoms of the three nucleic acid strands were restrained with a harmonic potential that had a slowly decreasing spring constant from 0.5 to 0.05 kcal.mol -1 .A -2 . In our production simulations, the system was maintained under NPT ensemble conditions and harmonic restraints (0.05 kcal.mol -1 .A -2 ) only applied to the -carbons of terminal RecA monomers. All three systems were submitted to 10 ns of conventional molecular dynamics simulation. In the case of the RecA/ssDNA/dsDNA complex, this was followed by a 10 ns run where we employed the accelerated molecular dynamics simulation protocol (5) to enhance the conformational space sampling. The threshold energy and boost potential parameters were calculated as suggested by Markwick and McCammon (6) .
B-form electrostatic calculations
The calculation was done by using the APBS package (7, 8) . Hydrogen atoms were added to the crystal structures using PDB 2PQR (9) and charges and radii were assigned according to the CHARMM force field parameters (10). The calculation was performed at a temperature of 300 K, solute and solvent dielectric constants of 4 and 80, respectively, and ion concentration and exclusion radius of 0.2 M and 2.0 Å, respectively. APBS output including structures with 3D surface potentials were visualized using VMD (11) .
SUPPLEMENTARY DISCUSSION
Relationship between results shown in Figure 4 and previous theoretical work
The MD simulations shown in Figure however, in the absence of both mismatched bases rapidly reorient. These results are consistent with the suggestion that the major source of instability in naked extended dsDNA is the lack of stacking in the rise between the triplets (12, 13) . Homology independent binding of the short 20 bp B-form dsDNA to the outer lysines in the C-terminal domains could produce such a hidden state of the dsDNA if that dsDNA binding did not make at least 8 bases available to bind to site II. This issues does not arise in vivo where both the dsDNA and the ssDNA-RecA filament are very long, and any binding not at the end of the dsDNA or the filament would position 8 bp where they can do strand exchange. Of course in reality the progression from free dsDNA to the fairly stable strand 20 bp strand exchange product that we observe involves many different transitions each of which may be characterized by forward and reverse rates. We believe that the time scales for these different transitions vary by many orders of magnitude. Given the enormous complexity of this process, we have not attempted detailed modeling of all possible steps.
Simple Numerical Model of Pairing
In these experiments, we do not detect the binding of the dsDNA to the filament; instead,
we detect the formation of stable 20 bp strand exchange products. Thus, the effective  value that appears in these equations represents the effective rate at which free dsDNA and filaments combine to form stable 20 bp strand exchange products. That process may require a large number of intermediate steps, starting with the binding of B-form dsDNA to the filament. In addition, the 6 bp/sec rate of strand exchange implies that ~ 4 seconds would be required to transform free reactants into 20 bp products. The time resolution of these experiments was not sufficient for us to calculate an accurate value of  ( freefilaments  freedsDNA ) by measuring the initial fluorescence slopes. Importantly, even an accurate  value would not provide information on the k on rate for the initial pairing of the free reactants since that almost certainly occurs on a timescale that is much faster than the 4 seconds required for strand exchange to form a 20 bp product. Thus, we are unable to experimentally determine k on or  using initial slopes.
We did fit observed fluorescence curves to equation 1 and to equations 4 and 5. The results are shown in Supplementary Figure S7 . Best fits to equation 1 provide either good fits at long times or good fits at short times, but not both. In contrast, equations 4 and 5 combined fit all times very well. It is possible that simply having more free parameters available accounts for the improved fit, or it is possible that the system includes a non-fluorescing bound conformation;
however, as discussed above, that conformation may be an artifact of the short sequence lengths in these in vitro experiments. Thus, we are reluctant to assign great significance to the values obtained from the fits.
We also did fits to a second set of equations that assumes that there is a second state,2, that can only be reached from an initial state, 1, then the time dependence equations for the densities in the two states become
Eq. 6
Measurements of strand exchange taken using the system illustrated in Figure 
Probing strand exchange reversal using dsDNA competition
If near matches are rejected in vivo despite forming 20-bp strand exchange products, the near matches must reverse strand exchange even though the binding in the heteroduplex is fairly stable and mismatch insensitive. Thus, to study how homology recognition might proceed in vivo, we tested if nearly matched sequences can unbind from the filament after forming 20-bp strand exchange products.
In these tests, we allowed fluorescently labeled dsDNA containing 3 internal mismatches Experiments have also shown that strand exchange is characterized by a very fast initial exchange of 12 ±3 bp, followed by a much slower strand exchange process (14) . We speculate that the strand exchange products that protected against cutting included at least 8 contiguous bp in the heteroduplex, and we will refer to structures with 8 or more bp in the heteroduplex as metastable structures. In contrast, we propose that initial homology tests occur in unstable transition states in which 8 bp occupy positions where strand exchange is possible, but 8 contiguous bp do not yet occupy the heteroduplex.
Importantly, theoretical work (18) suggests that dsDNA binding to site II can rapidly position ~8 contiguous bp where they can do strand exchange; however, theoretical work (18) and single molecule studies (19) indicate that dsDNA tension prevents more dsDNA from being available for strand exchange unless those original ~8 bp pass the homology tests that govern the transition to the metastable structure. Thus, dsDNA tension would create a decision point that allows up to 8 bases to be very rapidly tested for homology, but does not allow more bases to be tested unless the first 8 contiguous bp assume the dsDNA structure characteristic of the heteroduplex. Figure 7B shows the asymptotic value of the fluorescence for a number of sequences.
Similarly, Figure 7D shows N 8bp with <2 for the same sequences. Thus, Figure 7D the duplet is much more unstable than the pairing of complete triplets that is shown in Figure 4 .
